To re-evaluate nutritive values of opaque-2 (o2) and brittle-2 opaque-2 (bt2o2) maize protein and to re-estimate Gopalan's hypothesis [Lancet, i, 954-957 (1960)] that pathogenesis of pellagra might be related with intake of excess leucine and with chronic consumption of maize or jowar which contains relative high leucine, rats were fed on synthetic diets composed of amino acid mixtures simulating the protein of normal and high-lysine maize, o2 and bt2o2 maize. In order to investigate the effect of intake of excess leucine, leucine was supplemented to 02 and bt2o2 diet at the level of 0.43 and 0.73%, respectively, to adjust the ratio of leucine to isoleucine to that of normal maize protein.
Summary
To re-evaluate nutritive values of opaque-2 (o2) and brittle-2 opaque-2 (bt2o2) maize protein and to re-estimate Gopalan's hypothesis [Lancet, i, 954-957 (1960) ] that pathogenesis of pellagra might be related with intake of excess leucine and with chronic consumption of maize or jowar which contains relative high leucine, rats were fed on synthetic diets composed of amino acid mixtures simulating the protein of normal and high-lysine maize, o2 and bt2o2 maize. In order to investigate the effect of intake of excess leucine, leucine was supplemented to 02 and bt2o2 diet at the level of 0.43 and 0.73%, respectively, to adjust the ratio of leucine to isoleucine to that of normal maize protein.
Judging from body weight gains and carcass nitrogen of weanling rats fed on these diets, the protein quality (amino acid composition) of bt2o2 maize was 30% superior nutritionally to that of 02 maize, and body composition of bt2o2 diet group were similar to that of casein diet group. Leucine supplementation did not affect these values except for a significant de crease in plasma valine levels. In young adult rats fed on Leucine supplemented 02 diet, excretion of urinary nitrogen increased significantly compared with 02 diet alone, suggesting that a slight amino acid imbalance took place. But leucine supplementation altered neither N1-methylnicotinamide level in urine nor total niacin levels in the liver and the brain. These results suggest that supplementation of leucine to a high lysine maize diet did not affect tryptophan and niacin metabolism in rats under these conditions. Key Words high-lysine maize, protein quality, leucine/isoleucine ratio, nitrogen balance, body composition, tryptophan and niacin metabolism * To whom inquires should be addressed. It has been demonstrated that zein, the main protein in maize endosperm, is inferior nutritionally to other plant proteins because this protein contains low tryptophan and lysine levels.
Though pellagra which is well known as a niacin deficiency disease in humans has been associated with chronic consumption of maize, the etiology of pellagra is complicated (1).
Gopalan and Srikantia have noticed that pellagra frequently occurred among Indians whose staple diet is jowar (Sorghum valgare) (2) . The common feature of jowar and maize proteins is a relatively high content of leucine (2). Gopalan et al. have inferred from their extensive studies in vivo and in vitro (3-6) that excess leucine in jowar affected tryptophan and niacin metabolism and secondarily caused niacin deficiency (1, 5) . Later, they found that isoleucine supplementation could reverse and correct the abnormalities induced by excess leucine in diet, and indicated that ratios of leucine to isoleucine in diet might be etiologically related to pellagra (7) . Though these problems have been studied repeatedly by many investigators, all of their results cannot support the findings of Gopalan et al. (8) (9) (10) (11) (12) (13) . To resolve this discrepancy and to re-examine the action of excess leucine, we paid attention to differences of leucine/isoleucine ratios seen in normal maize and its mutants.
Opaque-2 (o2) maize, a mutant which has been found by Mertz et al., is higher in lysine and tryptophan and lower in leucine in its endosperm than is normal maize endosperm (14) . Furthermore, it has been found that a maize double mutant having 02 and a starch modifying brittle-2 (bt2) gene (i.e. bt2o2) has an excellent nutritional value compared with o2 maize (15) .
The objective in the present study is 1) to re-evaluate the protein nutritive values of o2 and bt2o2 maize and 2) to re-examine whether leucine/isoleucine ratios in diets affect tryptophan-niacin metabolism. For this, we prepared the diets composed of amino acid mixtures simulating normal, o2, and bt2o2 maize proteins; or their leucine supplemented diets to match their leucine/isoleucine ratio to that of normal maize protein. An amino acid mixture simulating cow milk casein was also prepared as a control diet. With rats fed on these diets, changes in body weight, nitrogen retention, and tryptophan and niacin metabolism were investigated. 
RESULTS
Effect of niacin level in diet on growth of weanling rats Figure 1 shows body weight gains of weanling rats fed on normal , 02, 02(+), bt2o2, and bt2o2(+) diets with niacin-free, 0.05% (low level), and 0 .25% (sufficient level) of niacin. Retardation in growth was observed in all rats fed on normal maize diet even when niacin was added sufficiently. Alopecia was also observed in some rats fed on these diets. Growth rate in rats fed on 02 diet was about two-thirds that of bt2o2 diet, and independent of niacin levels in the diet. Weight gain in o2(+) diet group was lower than that of 02 diet group, but increased markedly when niacin (0.05%) was added. Rats fed on bt2o2 diet grew best among the groups and was not influenced by supplementation with leucine or niacin. Thus supplementation of niacin was ineffective in the growth of rats fed on both o2 and bt2o2 diets . Therefore, rats were fed a niacin-free diet for all subsequent experiments . Experiments in weanling rats fed on niacin free diet Growth. Weanling rats were fed diets containing amino acid mixtures si mulating either normal, o2, bt2o2 maize protein or milk casein without niacin for 3 weeks. As seen in Table 2 , body weight gains of rats increased in the following decreasing order: casein, bt2o2, o2, and normal maize diet. This ranking did not change from 1 week after housing. Apparent protein efficiency ratio (PER) of each diet was cited as follows: 14% for normal, 72% for o2, and 88% for bt2o2 diet as compared with 100% for casein diet. Increased gain in carcass nitrogen of rats fed on bt2o2 diet was comparable to that of the casein diet. Weight gains of rats correlated significantly with gains in carcass nitrogen, indicating that an increase in body weight reflects synthesis of tissue protein rather than deposition of lipid (see Fig. 2 ). However, no effects of leucine supplementation to o2 or bt2o2 diet on rat growth were observed.
Body composition. As shown in Table 2 , the percentage of nitrogen in carcass of rats fed on bt2o2 diet was similar to that in casein diet , those were different from that in o2 diet.
Plasma amino acids. Post-absorptive plasma aminograms of rats are shown in Fig. 3 . The tyrosine level in plasma of rats fed on normal maize diet was significantly lower among all of the groups. Leucine supplemented diets did not affect all of the amino acid levels except valine level. The valine level of bt2o2(+) diet group but not 02(+) diet group decreased significantly. No changes in levels of leucine , isoleucine, and phenylalanine were observed among all of the groups .
Weight and tryptophan level in the brain. Weight and tryptophan level in the brain of rats fed on normal maize diet decreased significantly as compared with those of other groups as shown in Table 2 . Dietary excess leucine did not also influence tryptophan level in the brain. Experiments in young adult rats We supposed next that excess leucine might act in a different manner for young adult rats. For this, young adult rats were fed on normal, o2, and o2(+) diets excluding niacin for 3 weeks. As seen in Table 3 , losses in body weight of rats fed on a normal maize diet were observed: 4 of 6 rats lost body weight. Excretion of urinary nitrogen in rats fed on o2(+) diet significantly increased as compared with that of 02 diet group. But nitrogen retention and urinary NMN levels were not different statistically between the two groups.
DISCUSSION
As seen in Fig. 1 , rats fed on 02 and bt2o2 diets grew normally under the niacin free condition, suggesting that tryptophan could be converted into niacin effectively in these rats. Normal, 02, and bt2o2 maize diets contain 0.03, 0.08, and 0.12% of tryptophan, respectively. Morrison et al. (20) have reported that a niacin-free diet containing 6% casein did not affect rat growth if 0.06% of tryptophan is added (i.e. 0.15% of tryptophan in total). Therefore, growth of rats fed on bt2o2 diet especially was independent of dietary niacin level (see Fig. 1 ).
Furthermore, many reports showed that these high-lysine maizes were nu tritionally superior to normal maize (21, 22) . The composition of amino acids of bt2o2 maize protein resembles the recommended FAO amino acid pattern for the infant (23) . The present study confirmed again that bt2o2 maize proteins have high quality as compared to casein even when niacin was removed from the diet.
Supplementation of leucine to 02 and bt2o2 diets affected neither gains in body weight and carcass nitrogen, nor brain weight and tryptophan levels in the weanling rats. The reason for these results in part may be due to the amount of leucine supplemented. Raghuramulu et al. (5) have observed that a 1.5% leucine sup plementation to 9% casein diet did not influence the growth of young rats. Feeding leucine-added bt2o2 diet to rats, however, decreased the plasma valine level (see Fig.  3 ). It is already known that leucine competes with valine or isoleucine in the absorptive process in the intestine (24, 25) . Nakagawa et al. found that plasma val ine levels of fasting human subjects decreased significantly after oral administration of 11g of leucine daily for 1 or 2 weeks (12). In addition, aminograms of plasma resembled those when given a valine deficient diet (12) . So they think that the biochemical feature of pellagra induced by excess leucine comes out during the stage of valine deficiency (12) . But the decreased plasma valine level by ingestion of excess leucine in the present study could not explain the valine deficiency state because post-absorptive amino acids in plasma were measured and possibly because rats fed on a leucine-supplemented diet grew normally. The plasma tryptophan level was unchanged by dietary excess leucine in this study. It has been reported that plasma tryptophan level decreased in rats fed on maize diet (26) and leucine added maize diet (9, 27) or in pellagrins (8) . However, there is the report that the plasma tryptophan level did not change in pellagrins (28 Vol. 28, No. 6, 1982 compared with the bt2o2 diet, and furthermore, this pattern was closely similar to that of 02 or 02(+) diet. It was suggested that these results were due to the same ratio of leucine to isoleucine in both o2(+) and bt2o2(+) diets, but not derived from different levels of supplementation of leucine [0.43% for o2(+) and 0.74% for bt2o2(+)]. The reason for the phenomenon requires further study since there was no information for other amino acids.
In the experiment with young adult rats, consumption of leucine supplemented 02 diet resulted in a significant increase in urinary excretion of nitrogen as shown in Table 3 . This suggests that a slight amino acid imbalance took place in rats fed the diet. Food intakes were almost the same between 02 and o2(+) diets (see Table 3 ). Therefore, the magnitude of amino acid imbalance seemed to be less than that reported by Raghuramulu et al. (5) . Ghafoorunissa and Narasinga Rao (30) have observed an increase in expired 14CO2 from 14C-tryptophan injected into the rats fed on a leucine added diet, and accounted indirectly that an amino acid imbalance occurred.
No differences in urinary NMN levels between the 02 and 02(+) diet groups were observed, but these values were significantly higher than those in normal maize diet group. Urinary NMN has been often analyzed in studying tryptophan-niacin metabolism. Raghuramulu et al. reported that NMN and quinolinic acid in urine of rats fed 1.5% leucine supplemented casein diet increased significantly(5). However , other investigators could not reproduce their results and reversely could find a decrease in these compounds (9, 12) . Furthermore, considering our results, it could be concluded that leucine supplementation failed to affect tryptophan and niacin metabolism.
It has been well known that niacin deficiency produces a characteristic symptom (black tongue) in dogs, which has been also induced by chronic intake of normal maize and jowar (4). According to Gopalan et al. black tongue was recognized in pups fed on 02 maize added of 0.3% leucine but not on 02 maize alone (31) . One can notice that the diet composition of their study is similar to ours. Pups may be more sensitive to the excess leucine than rats.
We think that these conflicting results from many workers are due to differences in experimental conditions including animal species and source of dietary proteins-native or purified food. Therefore, to settle the relationship between dietary excess leucine and pellagra including experimental niacin de ficiency, which is now controversial, it will be necessary to define the pathological and biochemical features of niacin deficiency for each experimental animal and human.
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